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Abstract
We have calculated the in-medium magnetic moments of octet baryons in the presence of hot and
dense symmetric nuclear matter. Effective magnetic moments of baryons have been derived from
medium modified quark masses within chiral SU(3) quark mean field model. Further, for better
insight of medium modification of baryonic magnetic moments, we have considered the explicit
contributions from the valence quarks, sea quarks as well as sea orbital angular momentum of sea
quarks. These effects have been successful in giving the description of baryonic magnetic moments
in vacuum. The magnetic moments of baryons are found to vary significantly as a function of
density of nuclear medium.
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I. INTRODUCTION
The study of in-medium properties of octet and decuplet baryons is of great importance
in the present era. Heavy-ion collision experiments at various experimental facilities such as
LHC at CERN [1], FSI at EMC [2], CBM at FAIR [3], etc., are focused at the study of matter
in the free space as well as in the presence of medium. The major goal of modern hadron
accelerator facilities is to investigate the structure of hadrons by scattering experiments at
large momentum transfer typically 1GeV/c2 and beyond, so as to map out various internal
charge distributions underlying quark and gluon degrees of freedom. The main objectives of
the heavy-ion collision facilities are to study the properties of hadrons in hadronic matter,
chiral symmetry restoration at high temperature and density of medium, de-confinement
phase from hadrons to QGP and to determine the equation of state for the hadronic matter at
high density [4–6]. The experiments at various facilities, besides the data, require theoretical
insight into the hadronic properties (such as magnetic moment, charge radii, electromagnetic
form factors etc.) as well.
The magnetic moment of the particle plays an important role in the study of structure
of matter at the sub-nuclear level as it largely depends upon its structure and structure
parameters. Theoretically, the magnetic moments of octet as well as decuplet baryons have
been extensively studied in the free space [7–13]. Constituent quark model studies proposed
that the baryonic magnetic moments can be calculated by summing the magnetic moments
of constituent quarks [14, 15]. However, the values so obtained differ from those obtained
experimentally.
Magnetic moments of the octet baryons have been calculated from the structure pa-
rameters of baryons such as electromagnetic form factors [16]. They are derived from the
magnetic form factor Gm(Q
2) at Q2 = 0 (where Q2 is squared four momentum of baryon)
[17]. They have also been extrapolated from the study of charge radii [19] and medium
modified masses of the baryons [20] as well. Covariant baryon chiral perturbation theory
[21, 22] has been extensively used to study octet baryon magnetic moments using the idea
of SU(3) symmetry breaking and it has been shown that in the low energy regime the chi-
ral expansion of octet baryon magnetic moments is possible if one consider the correction
terms such as loop corrections and decuplet degree of freedom to be small [23–29]. However,
in order to gain deeper insight of underlying quark dynamics, it is useful to consider the
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individual quark contribution to baryonic magnetic moments. MIT bag model provided a
useful way to calculate baryonic magnetic moments considering the constituent quarks to be
non-interacting [16]. Later on, weak coupling between the constituent quarks was proposed
to include interactions of quarks in the baryons [18]. The observed ratio of contribution from
u-quark to the contribution from d-quark in the calculation of the total magnetic moment of
nucleon as calculated by this approach can only be justified by considering dynamical quark
masses [17]. Thus, one has to consider constituent quark masses in place of current quark
masses to study the baryonic magnetic moments including quark dynamics. This fact gives
a strong evidence of the presence of relativistic and gluon effects which are not accounted
for in conventional quark models.
Beside the free space calculations of baryonic structural properties (such as magnetic
moments), the medium modification of these properties has always been an interesting
aspect of QCD studies. Deep inelastic muon-nucleus scattering experiment at EMC has
indicated that nucleon properties in nuclear medium can be different from their vacuum
values [30]. Similarly, magnetic moment of proton in 12C seemed to be enhanced by about
25% in nuclear medium as compared to its value in free space [31].
Theoretical models for nuclear matter, such as Walecka model [32], sigma model [33],
non-linear sigma model [34], Zimanyi and Moszkowski model [35], cloudy bag model [36],
Nambu-Jona-Lasinio (NJL) model [37] etc., have successfully explained several properties of
nuclear matter [38, 39]. The key to success of models like NJL model in explaining the low
energy baryonic dynamics is the assumption of hadrons having chiral quarks and interaction
between the constituent quarks [40]. For better understanding of baryon properties in quark
degrees of freedom, chiral quark models such as quark meson coupling (QMC) model were
developed in similar lines as NJL model and cloudy bag model [41]. Medium modification
of magnetic moments of octet baryons have been calculated using QMC model [48]. QMC
model has been used at finite temperature and baryonic density and medium modification
of magnetic moments of baryons have been derived through medium modification of bag
radius. The results were quite close to the experimental data for the vacuum values.
In the present work we have used chiral SU(3) quark mean field model to calculate the in-
medium magnetic moments of baryon octet at finite temperature and density of the medium
through the medium modification of baryon masses. The relation of baryon magnetic mo-
ments and corresponding effective quark masses have been derived in the analysis of hyperon
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static properties [49]. We will follow similar relations to obtain medium modified values of
magnetic moments of baryons. Chiral SU(3) quark mean field model (CQMF) [34, 41, 52, 53]
has been extended from quark mean field model [42], which is based on QMC model ap-
proach. In this model, mean field approximation is used, which uses classical expectation
values in place of quantum field operators [43]. The quarks are assumed to be constituent
quarks, which are confined in the baryons by confining potential. Finite nuclei properties
have been studied in this model and reasonably good results have been obtained [41]. Within
CQMF model, the in-medium masses of quarks and hence, baryons are calculated through
the medium modification of scalar iso-scalar fields σ and ζ and the scalar dilaton field χ
[34, 41, 52, 53].
Beside the interaction of scalar meson fields, some entities having character of Goldstone
boson (GB) play a major role in the interaction of quarks and their magnetic moments [44].
If we assume Goldstone bosons in the interior of hadrons, we will have different propaga-
tion properties of the states [14]. Spin dependent features of hadronic spectrum can be
successfully explained by considering internal GB exchange between the quarks. Further,
the significant spin-orbit coupling contribution can also be accounted for by this approach.
Beside this, the violation of Gottfried sum rule leads to the isospin asymmetric sea quark
in baryons, and sea quark contributions should also be considered in magnetic moments of
baryons [10, 45–47]. In this work we have considered the GB exchange in the interior of
baryon, and also, we have considered the contribution from sea quark. These two effects
can further modify the effective magnetic moments.
The outline of the paper is as follows: In section IIA we will apply CQMF model to find
the effective quark masses at finite temperature and density of nuclear medium, and hence,
calculate effective baryon octet masses. We will discuss the effect of valence quarks, sea
quarks and orbital angular momentum of sea quarks on the magnetic moments of baryons
in section IIB. The section III is devoted to numerical calculations and results. Section IV
includes the summary of present work.
4
II. MODEL
A. Chiral SU(3) Quark Mean Field Model for Quark Masses
To study the structure of hadrons in chiral limit and explore it in quark degrees of
freedom, the quarks are divided into two parts, left-handed ‘qL’ and right-handed ‘qR’.
Under SU(3)L × SU(3)R transformation, the corresponding transformations for the left and
right handed quarks are
qL → q′L = L qL, qR → q′R = RqR, (1)
where ‘L’ and ‘R’ are global SU(3)L × SU(3)R transformations given as
L(αL) = exp
[
i
8∑
a=0
αaLλLa
]
, R(αR) = exp
[
i
8∑
b=0
αbRλRb
]
, (2)
αL and αR represent space-time independent parameters with indicies (a = 0, .., 8) and
(b = 0, .., 8). λL and λR are Gell-Mann matrices written as
λL = λ
(1− γ5)
2
, λR = λ
(1 + γ5)
2
. (3)
The nonents of spin-0 scalar (Σ) and pseudoscalar (Π) mesons can be written in compact
form using Gell-Mann matrices as
M(M †) = Σ± iΠ = 1√
2
8∑
a=0
(sa ± ipa)λa, (4)
where λa are Gell-Mann matrices with λ0 =
√
2
3
I, sa and pa are the nonets of scalar and
pseudoscalar mesons, respectively. The plus and minus signs are forM andM †, respectively,
which transform under chiral SU(3) transformation as
M → M ′ = LMR†, (5)
M † →M †′ = RM †L†. (6)
In the similar way, spin-1 mesons are defined by
lµ(rµ) =
1
2
(Vµ ± Aµ) = 1
2
√
2
8∑
a=0
(
vaµ ± aaµ
)
λa. (7)
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where vaµ and a
a
µ are nonets of vector and pseudovector mesons. The alternative plus and mi-
nus signs are for lµ and rµ respectively, and will transform under chiral SU(3) transformation
as
lµ → l′µ = LlµL†, (8)
rµ → r′µ = RrµR†. (9)
The physical states for scalar and vector mesons are explicitly represented as
Σ =
1√
2
8∑
a=0
sa λa =

1√
2
(σ + a00) a
+
0 κ
∗+
a−0
1√
2
(σ − a00) κ∗0
κ∗− κ¯∗0 ζ
 , (10)
and
Vµ =
1√
2
8∑
a=0
vaµ λa =

1√
2
(
ωµ + ρ
0
µ
)
ρ+µ K
∗+
µ
ρ−µ
1√
2
(
ωµ − ρ0µ
)
K∗0µ
K∗−µ K¯
∗0
µ φµ
 , (11)
respectively. In a similar manner, we can write pseudoscalar nonet (Π) and pseudovector
nonet (Aµ). The total effective Lagrangian density in chiral SU(3) quark mean field model
is written as
Leff = Lq0 + Lqm + LΣΣ + LV V + LχSB + L∆m + Lc, (12)
where Lq0 = q¯ iγµ∂µ q represents the free part of massless quarks, Lqm is the chiral SU(3)-
invariant quark-meson interaction term and is written as
Lqm = gs
(
Ψ¯LMΨR + Ψ¯RM
+ΨL
)
− gv
(
Ψ¯Lγ
µlµΨL + Ψ¯Rγ
µrµΨR
)
=
gs√
2
Ψ¯
(
8∑
a=0
saλa + iγ
5
8∑
a=0
paλa
)
Ψ
− gv
2
√
2
Ψ¯
(
γµ
8∑
a=0
vaµλa − γµγ5
8∑
a=0
aaµλa
)
Ψ,
(13)
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where Ψ =

u
d
s
. The chiral-invariant scalar and vector meson self interaction terms LΣΣ
and LV V , within mean field approximation [52] are written as
LΣΣ = −1
2
k0χ
2
(
σ2 + ζ2
)
+ k1
(
σ2 + ζ2
)2
+ k2
(
σ4
2
+ ζ4
)
+ k3χσ
2ζ − k4χ4 − 1
4
χ4ln
χ4
χ40
+
ξ
3
χ4ln
σ2ζ
σ20ζ0
, (14)
and
LV V = 1
2
χ2
χ20
(
m2ωω
2
)
+ g4ω
4, (15)
respectively. The constants k0, k1, k2, k3 and k4 appearing in equation (14) are determined
using π meson mass (mpi), K meson mass (mK) and the average mass of η and η
′
mesons
[41]. The other parameters, i.e., ξ, vacuum value of dilaton field, χ0, and, the coupling
constant g4, are chosen so as to fit effective nucleon mass reasonably. Further, the value
of parameter ‘ξ’ originating from logarithmic term used in scalar meson self interaction
Lagrangian density can be obtained using QCD β-function at one loop level, for three colors
and three flavors [43]. The Lagrangian density LχSB in equation (12) is introduced to
incorporate non-vanishing pesudoscalar meson masses and it satisfies the partial conserved
axial-vector current relations for π and K mesons [41, 52, 53]. We have
LχSB = χ
2
χ20
[
m2piFpiσ +
(√
2m2KFK −
m2pi√
2
Fpi
)
ζ
]
, (16)
where Fpi and FK are pion and kaon decay constants, respectively. Masses of ‘u’, ‘d’ and
‘s’ quarks are generated by the vacuum expectation values of σ and ζ mesons scalar fields.
In order to find constituent strange quark mass correctly, an additional mass term which
would explicitly break the chiral symmetry is written in equation (12). This term can be
expressed as
L∆m = −m1Ψ¯S1Ψ, (17)
where m1 is the additional mass term. The strange quark matrix operator S1 is defined as
S1 =
1
3
(
I − λ8
√
3
)
= diag(0, 0, 1). Thus, the relations for vacuum masses of quarks are
mu = md = −gqσσ0 = −
gs√
2
σ0, and ms = −gsζζ0 +m1. (18)
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The values of coupling constant gs and additional mass term m1 in equation (18) can be
calculated by taking mu = md = 313 MeV and ms = 490 MeV as vacuum masses of quarks.
The interaction between the quarks and vector mesons leads to [52]
gs√
2
= guσ = g
d
σ =
1√
2
gsζ ,
gsσ = g
u
ζ = g
d
ζ = 0,
guω = g
d
ω = g
q
ω,
gsω = 0. (19)
Quarks are confined in baryons by confining scalar-vector potential as, given by [52]
χc(r) =
1
4
kc r
2(1 + γ0) . (20)
The coupling constant kc is taken to be 100MeV.fm
−2. Corresponding Lagrangian density
is written as
Lc = −Ψ¯χcΨ. (21)
In order to investigate the properties of nuclear matter at finite temperature and density,
we will use mean field approximation [52]. The Dirac equation under the influence of meson
mean field, for the quark field Ψqj is given by[
−i~α · ~∇+ χc(r) + βm∗q
]
Ψqj = e
∗
qΨqj, (22)
where the subscripts q and j denote the quark q (q = u, d, s) in a baryon of type j (j =
N,Λ,Σ,Ξ) and ~α , β are usual Dirac matrices. The effective quark mass m∗q is defined as
m∗q = −gqσσ − gqζζ +mq0, (23)
where mq0 = m1 is zero for non-strange ‘u’ and ‘d’ quarks, whereas for strange ‘s’ quark
mq0 = m1 = 29 MeV. Effective energy of particular quark under the influence of meson field
is given as, e∗q = eq − giωω − giφφ [41, 52]. For the confining potential defined by equation
(20), the analytical expression for effective energy of quark e∗q will be
e∗q = m
∗
q +
3
√
kc√
2(e∗q +m∗q)
. (24)
The effective mass of baryons can be calculated from the effective quark masses m∗q, using
the relation
M∗j =
√
E∗2j − < p∗2j cm > , (25)
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where the effective energy of jth baryon in the nuclear medium is given as
E∗j =
∑
q
nqje
∗
q + Ej spin. (26)
Further, Ej spin is the correction to baryon energy due to spin-spin interaction of constituent
quarks and takes the values
EN spin = −477 MeV , EΛspin = −756.9 MeV ,
EΣ spin = −531 MeV , EΞ spin = −705 MeV .
These values are determined to fit the respective vacuum values of baryon masses. In equa-
tion (25), < p∗2j cm > is the spurious center of mass motion [66, 68]. To study the equations
of motion for mesons at finite temperature and density, we consider the thermopotential as
Ω = −
∑
B=N ,Λ ,Σ ,Ξ
gjkBT
(2π)3∫ ∞
0
d3k
{
ln
(
1 + e−[E
∗(k)−νB]/kBT )
+ ln
(
1 + e−[E
∗(k)+νB ]/kBT
)}− LM , (27)
where
LM = LΣΣ + LV V + LχSB , (28)
and gj is degeneracy of j
th baryon (gN,Ξ = 2, gΛ = 1, gΣ = 3) and E
∗(k) =
√
M∗2j + k2. We
can relate the quantity νB to the chemical potential µB as [41, 52, 53]
νB = µB − gjωω. (29)
The equations of motion for scalar fields σ, ζ , the dilaton field, χ, and the vector field ω are
calculated from thermodynamical potential and are respectively expressed as
k0χ
2σ − 4k1
(
σ2 + ζ2
)
σ − 2k2σ3 − 2k3χσζ − 2ξ
3σ
χ4 +
χ2
χ20
m2piFpi −
(
χ
χ0
)2
mωω
2∂mω
∂σ
+
∂M∗N
∂σ
< ψ¯NψN >= 0,
(30)
k0χ
2ζ − 4k1
(
σ2 + ζ2
)
ζ − 4k2ζ3 − k3χσ2 − ξ
3ζ
χ4 +
χ2
χ20
(√
2m2KFK −
1√
2
m2piFpi
)
= 0,
(31)
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k0χ
2
(
σ2 + ζ2
)− k3χσ2ζ + (4k4 + 1− 4lnχ4
χ40
+
4ξ
3
ln
σ2ζ
σ20ζ0
)
χ3
+
2χ
χ20
[
m2piFpiσ +
(√
2m2KFK −
1√
2
m2piFpi
)
ζ
]
− χ
χ20
m2ωω
2 = 0,
(32)
and
χ2
χ20
(
m2ωω
2
)
+ 4g4ω
3 = gNω < ψN
†ψN > . (33)
In equation (30), < ψ¯NψN > is the scalar density of nucleons and is given by
< ψ¯NψN >=
gN
2π2
∫ ∞
0
dk
k2M∗j√
M∗2j + k2
[nn(k) + n¯n(k) + np(k) + n¯p(k)] . (34)
The number density of nucleons in equation (33) is given as
< ψN
†ψN >=
gN
2π2
∫ ∞
0
dkk2 [nn(k) + n¯n(k) + np(k) + n¯p(k)] , (35)
where, nn(k) and np(k) are the neutron and proton distributions, and, n¯n(k) and n¯p(k) are
the anti-neutron and anti-proton distributions, respectively and are defined as
nτ (k) = {exp [(E∗(k)− νB) /kBT ] + 1}−1, (36)
n¯τ (k) = {exp [(E∗(k) + νB) /kBT ] + 1}−1, (τ = n, p). (37)
The vacuum expectation values of meson fields σ0 and ζ0 are constrained because of spon-
taneous breaking of chiral symmetry and are represented in terms of pion and kaon leptonic
decay constants as
σ0 = −Fpi , ζ0 = 1√
2
(Fpi − 2FK) . (38)
For Fpi = 92.8 MeV and FK = 115 MeV, the vacuum values of σ and ζ fields are σ0 = −92.8
MeV and ζ0 = −96.5 MeV respectively.
B. Magnetic Moment of Baryons
So far we have used chiral SU(3) quark mean field model using effective Lagrangian
density for the various interactions for calculating effective mass of constituent quarks. In
order to calculate explicit contribution of valence and sea quark effect for the magnetic
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moment of baryons, we follow the idea of chiral quark model initiated by Weinberg [50]
and developed by Manohar and Georgi [51]. The model incorporate the idea of confinement
and chiral symmetry breaking. The massless quarks acquire the mass through spontaneous
breaking of chiral symmetry. The basic process in this approach is the emission of GB,
which further splits into a qq¯ pair, e.g.,
q± → GB0 + q′∓ → (qq¯
′
) + q
′
∓ , (39)
where qq¯
′
+ q
′
constitute the ‘sea quark’ [35, 47, 55, 56]. Within the QCD confinement
scale and chiral symmetry breaking, the constituent quarks, octet of GBs and the weakly
interacting gluons are the appropriate degrees of freedom [58]. The effective Lagrangian in
this region is given as
Linteraction = ψ¯
(
i /D + /V
)
ψ + igAψ¯ /Aγ
5ψ + · · · , (40)
where gA is axial vector coupling constant. In the low energy limit gluonic degrees can be
neglected. Hence, the above effective interaction Lagrangian with GBs and quarks in leading
order is written as
Linteraction = −gA
fpi
ψ¯∂µΦγ
µγ5ψ , (41)
using the Dirac’s equation (iγµ∂µ−mq)q = 0, the effective Lagrangian describing interaction
between quarks and a nonet of GBs consisting of octet and a singlet and supressing all the
space-time structure to lowest order can be expressed as
L = g8q¯Φq , (42)
with,
q =

u
d
s
 ,
Φ =

pio√
2
+̟ η√
6
+ τ η
′
√
3
π+ εK+
π− − pio√
2
+̟ η√
6
+ τ η
′
√
3
εKo
εK− εK¯o −̟ 2η√
6
+ τ η
′
√
3
 .
(43)
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In above, ε, ̟ are symmetry breaking parameters. Further, the parameter τ = g1/g8, where
g1 and g8 are the coupling constants for the singlet and octet GBs, respectively. However,
in accordance with New Muon Collaboration [82] calculations we have used the value of τ
obtained according to relation
τ = −0.7− ̟
2
(44)
SU(3) symmetry breaking is introduced by considering ms > mu,d, as well as by consider-
ing the masses of GBs to be nondegenerate (mK,η > mpi) [35, 47, 55, 56]. The octet baryon
wave functions include singlet and triplet states and the gluon exchange forces generates the
mixing between them. Following the Cheng and Li mechanism [14], the magnetic moment of
baryons, including the contributions from valence quarks, sea quarks and the orbital angular
momentum of sea quark can be written as
µ (B)total = µ (B)val + µ (B)sea + µ (B)orbital , (45)
where µ (B)val and µ (B)sea represent the contribution from valence and sea quarks, respec-
tively. The valence and sea contributions in terms of quark spin polarizations can be written
as
µ(B)val =
∑
q=u,d,s
∆qvalµq and µ(B)sea =
∑
q=u,d,s
∆qseaµq , (46)
where ∆qval and ∆qsea are the spin polarizations due to valence quarks and sea quark,
respectively. Quark spin polarization is defined as
∆q = q+ − q− + q¯+ − q¯−, (47)
where q+(q¯+) and q−(q¯−) is number of quarks (antiquarks) with spin up and down, respec-
tively. The sum of ∆q’s give total spin carried by quarks. The spin structure of baryon is
given as
B̂ =< B|N|B >,
where N is the number operator corresponding to different quark flavors with spins up and
down and expressed as
N = nu+u
+ + nu−u
− + nd+d
+ + nd−d
− + ns+s
+ + ns−s
−,
with coefficient of q± giving the number of q± quarks. The calculation of number of up
and down quarks in a specific baryon have been explicitly done in Ref. [54]. The sea quark
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polarization ∆qsea can be expressed in terms of symmetry breaking parameters ε and ̟.
For example, in case of proton ∆usea, ∆dsea and ∆ssea are defined as
∆usea = −a
3
[
7 + 4ε2 +
4
3
̟2 +
8
3
τ 2
]
,
∆dsea = −a
3
[
2− ε2 − 1
3
̟2 − 2
3
τ 2
]
,
∆ssea = −aε2, (48)
respectively. The pion fluctuation parameter ‘a’ is taken to be 0.1, in the symmetric limit
[67]. Similarly, ∆qsea is defined for other baryons in Ref. [14, 54].
The values of effective magnetic moment of constituent quark (µq) can be calculated
following the naive quark model formula given as µq =
eq
2mq
, where mq and eq are mass
and electric charge of quark, respectively. This formula lacks consistency for calculation of
magnetic moments of relativistically confined quarks [59]. Further, the non-relativistic quark
momenta are required to be very small (p2q << (350MeV)
2) for quark masses in the range
of 313 MeV and more. Hence , in order to include quark confinement effect on magnetic
moment [59, 71] along with relativistic correction to quark magnetic moments (introduced
in quarks by using medium modified quark masses obtained in chiral SU(3) quark mean field
model, which considers quarks as Dirac particles), the mass term in the formula for quark
magnetic moment is replaced by the expectation value of effective quark mass m¯Bq , which
can be further expressed in terms of effective baryon mass following the formula
2m¯Bq =M
∗
B +mq +∆M,
where M∗B is effective mass of baryon, mq(≈ 0) is the current quark mass and ∆M is the
confinement correction term [59].
Following the above formalism the equations to calculate effective magnetic moments ‘µq’
of constituent quarks are now given as
µd = −
(
1− ∆M
M∗B
)
, µs = −m
∗
u
m∗s
(
1− ∆M
M∗B
)
, µu = −2µd. (49)
The equation (49) are known mass adjusted magnetic moments of constituent quarks [58].
M∗B is obtained in equation (25). To include quark confinement effect it is replaced by
M∗B +∆M . ∆M being the difference between experimental vacuum mass of baryon (Mvac)
and the effective mass of baryon M∗B, i. e., ∆M = Mvac −M∗B.
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The contribution from orbital angular momentum of sea quarks for the octet baryon of
the type B(xxy) is given as
µ(B(xxy))orbit = ∆x
[
µ
(
x+ →)]+∆y [µ (y+ →)] , (50)
and for the baryon of the type B(xyz) is
µ(B(xyz))orbit = ∆x
[
µ
(
x+ →)]+∆y [µ (y+ →)]
+∆z
[
µ
(
z+ →)] . (51)
In equations (50) and (51), the symbols x, y and z correspond to any of the constituent quarks
of the baryon, i.e., u, d or s, and, ∆x, ∆y and ∆z represent the quark spin polarizations
due to valence quarks. The expressions for orbital moments of u, d and s, i.e., µ (u+ →) ,
µ (d+ →) and µ (s+ →) in terms of effective masses of quarks (in units of nuclear magneton
µN) are given as
µ
(
u+ →) = a [ −m2pi + 3m∗2u
2mpi (m∗u +mpi)
− ε
2(m2K − 3m∗2u )
2mK (m∗u +mK)
]
+a
[
(3 +̟2 + 2τ 2)m2
η′
6mη′
(
m∗u +mη′
) ] , (52)
µ
(
d+ →) = am∗u
m∗d
[
2m2pi − 3m∗2d
2mpi (m∗d +mpi)
− ε
2m2K
2mK (m∗d +mK)
]
−am
∗
u
m∗d
[
(3 +̟2 + 2τ 2)m2
η
′
12mη′ (m
∗
u +mη′)
]
, (53)
µ
(
s+ →) = am∗u
m∗s
[
ε2(m2K − 3m∗2s )
2mK (m∗s +mK)
−
(2̟2 + τ 2)m2
η
′
6mη′ (m
∗
u +mη′)
]
.
(54)
These contributions can be calculated as done in Ref. [54]. However, it is worth noting
that in order to consider the medium modification of sea quark spin polarization ∆qsea and
orbital angular momentum contributions µ (u+ →), µ (d+ →) and µ (s+ →). The param-
eters ε and ̟ appear in the linear representation of octet scalar density [84]. The linear
combination of these parameters give the familiar ‘F’ and ‘D’ coefficients. These parameters
can be expressed in terms of medium modified quark and baryon masses as
ε =
M∗Σ −M∗Ξ(
m∗u+m
∗
d
−2m∗s
2
) , (55)
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and
̟ =
M∗Σ −M∗N(
m∗u+m
∗
d
−2m∗s
2
) . (56)
These two parameters along with τ given by equation (44) lead to medium modification of sea
quark polarizations and orbital moments. Physically ε2a, ̟2a and τ 2a respectively denote
the probabilities of transitions u(d)→ s+K−, u(d, s)→ u(d, s)+η and u(d, s)→ u(d, s)+η′.
Note that orbital angular momentum contribution is calculated using the parameters ε,̟
and τ along with masses of GBs. The GBs contributions are dominated by pion contribution
as compared to contributions from other GBs.
III. NUMERICAL RESULTS
In this section we present the results of our investigation on magnetic moment of baryons
at finite density and temperature of medium. Various parameters used in the present work
are tabulated in table (I).
mu (MeV) md (MeV) ms (MeV) mpi (MeV) mK (MeV)
313 313 490 139 494
k0 k1 k2 k3 k4
4.94 2.12 -10.16 -5.38 -0.06
σ0 (MeV) ζ0 (MeV) χ0 (MeV) ξ ρ0 (fm
−3)
-92.8 -96.5 254.6 6/33 0.16
guσ = g
d
σ g
s
σ g
u
ζ = g
d
ζ g
s
ζ g4
3.37 0 0 4.77 37.4
TABLE I: Values of various parameters used in the present work [41].
From equation (49) it is clear that the value of magnetic moment of constituent quarks
depends on the effective masses of the quarks and baryons, which in-turn depends on the
scalar fields σ and ζ through equations (23), (24), (25) and (26). In order to study the
effect of density, on the scalar fields σ and ζ , in the left panel of fig. (1), we plot the
scalar field σ with nuclear matter density ρB (in the units of nuclear saturation density),
at different temperatures of the medium T = 0, 50, 100 and 150 MeV. We observe that the
magnitude of σ field decreases sharply with the rise of nuclear matter density from upto
ρB = 2ρ0. For densities more than 2ρ0, the decrease in magnitude of σ field as a function
15
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FIG. 1: σ and ζ fields (at T=0, 50, 100 and 150 MeV) versus baryonic density (in units of nuclear
saturation density ρ0).
of ρB is slow. For example, at T = 0 MeV, the σ field changes by 73% as ρB is changed
from zero to 2ρ0. However, as the baryonic density increases from 2ρ0 to 4ρ0, the magnitude
of scalar field σ changes by 50%. The amount of this decrease in the value of σ field is
even lesser at higher densities. Considering the effect of temperature, we observe that the
magnitude of σ-field decreases less rapidly, as a function of density at higher temperatures
of medium as compared to lower temperatures. However, at ρB = 0, with the rise of
temperature the magnitudes of scalar fields decrease. At given finite density of the medium
the magnitude of σ field increases with the rise of temperature. For example, at nuclear
saturation density (ρB = ρ0), magnitudes of σ fields are 45.71, 49.3 and 52.96 MeV at T
= 0, 50 and 100 MeV, respectively. This is explained as follows. At ρB = 0, the thermal
distribution functions alone effect the variation of fields. However, with the rise of density,
another contribution starts coming from higher momentum states, which provides opposite
effect to the variation of scalar fields [70]. Thus, due to these two contributions, i.e., thermal
distribution function and higher momentum states, the behavior of scalar fields is reversed
with the rise of temperature, at finite value of density of medium as compared to its behavior
at zero baryonic density.
In the right panel of fig. (1), we have plotted the variation of ζ field with nuclear matter
density at temperatures T = 0, 50, 100 and 150 MeV. One can clearly see that the magnitude
of ζ field decreases very slowly as a function of density as compared to scalar field σ indicating
16
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FIG. 2: Effective masses of octet baryons (at T=0, 50, 100 and 150 MeV) versus baryonic density
(in units of nuclear saturation density ρ0).
that there is strong correlation between the nucleons and the σ field. However, the ζ field
changes very slowly because of absence of its dependence on non-strange quark content of
the medium. For example, at T = 0 MeV, there is decrease of only 20% in magnitude of ζ
field as ρB increases from 0 to 2ρ0. Further, on calculating the variation in the magnitude of
ζ field at different temperatures, one can note that decrease in magnitude as a function of
density is less for higher temperatures as compared to T = 0 MeV. This difference increases
for higher values of nuclear matter density. For example, at ρB = ρ0, there is difference of
2.25 MeV in magnitudes of ζ field at T = 0 MeV and T = 100 MeV. However, at ρB = 5ρ0,
this difference in the values of ζ field changes to 5.6 MeV. At nuclear saturation density, the
17
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magnitude of ζ field decreases by only 2% with the rise of temperature from T = 0 MeV to
T = 100 MeV. However, at ρB = 5ρ0 the above value of percentage change shift to 6%.
Using the above calculated values of σ and ζ fields, the in-medium quark masses, m∗q,
can be evaluated using equation (23). Note that in this work, the non-strange quark masses
(m∗u and m
∗
d) depend on scalar meson field σ only. As the coupling constant g
u
ζ = g
d
ζ = 0,
therefore in equation (23), ζ is eliminated for m∗u and m
∗
d. As magnitude of σ field decreases
sharply with the rise of density especially at densities upto 2ρ0, there is steep decrease in
the effective mass of non-strange quarks at a lower value of density medium for a fixed value
of temperature. Whereas at higher nuclear matter density, the decrease in effective quark
mass is quite less. For example, at temperature T = 0 MeV, effective mass of ‘u’(or ‘d’)
quark at ρB = 3ρ0, 4ρ0 and 5ρ0 decreases to 53.92, 40.19 and 32.01 MeV, respectively from
its vacuum value of 313 MeV.
For a given finite value of baryonic density, the effective mass of non-strange quarks
increases with the increase in the temperature of nuclear medium. For example, at ρB = ρ0,
the values of m∗u are observed to be 154.2, 165.9, 178.2 and 185 MeV at T = 0, 50, 100
and 150 MeV, respectively. However, at zero density, the effective masses of non-strange
quarks decrease with the rise of temperature. The reason for this behavior is the dynamical
generation of masses of quarks by coupling with scalar fields σ and ζ .
Further, the magnitudes of scalar fields decrease with the rise of density, at T = 0 MeV.
Therefore, the value of m∗u (and m
∗
d) also decreases with rise of baryonic density, at T = 0
MeV. The probable cause behind this behavior of effective quark masses can be the chiral
symmetry restoration at higher densities, which has been reported in literature, by using
chiral hadronic model, in the quark degrees of freedom [39].
It has been seen that m∗s decreases less rapidly as compared to m
∗
u and m
∗
d, when plotted
as a function of baryonic density, at given value of temperature. At temperature T = 0 MeV,
as the density of medium increases from 0 upto ρ0, m
∗
s decreases by about 14%. Further,
at more higher values of density but at same temperature (T = 0 MeV), m∗s decreases very
slowly. The reason for this behavior of m∗s at finite baryonic density is its dependence on
scalar ζ field, and, the absence of coupling between s-quark and σ field as gsσ = 0.
One also finds that the effective mass of ‘s’ quark increases with the rise of temperature,
at given finite value of density. For example, at ρB = ρ0, the effective masses of ‘s’ quark are
422.5, 427.5 and 432.5 MeV at temperatures T = 0, 50 and 100 MeV, respectively. Further,
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for higher values of density, the increase in effective mass of ‘s’ quark becomes slow with
rise of temperature. For example, at ρB = 2ρ0, for the rise of temperature from T = 0 to T
= 50 MeV and from T = 50 to T = 100 MeV, the effective mass of ‘s’ quark increases by
9.7 MeV and 4 MeV, respectively.
Also, we observe that the effective mass of ‘s’ quark decreases with rise of density upto
baryonic density ρB = 4ρ0, at finite temperature. However, on further increase of density
above 4ρ0, at the same value of finite temperature, the effective mass of ‘s’ quark starts
increasing. The increase in constituent quark masses with increase in density above 4ρ0 of
medium, at given finite temperature can be due to deconfinement phase transition at higher
density [61].
Now we discuss the medium modification of octet baryon masses calculated using equation
(25), through medium modified masses of quarks in equation (23). In fig. (2), we plot the
medium modified octet baryon masses as (M∗i , i = N,Σ,Ξ,Λ) a function of density at
temperatures, T = 0, 50, 100 and 150 MeV. We see that the variation of effective masses of
constitute quarks largely effects the medium modification of baryonic masses. For example,
in case of nucleons having non-strange quark content only, there is steep decrease in the
effective baryonic masses. Our calculations show that at T = 0 MeV, as the density increases
from ρB = 0 to ρ0, the effective mass of nucleons decreases by 41% from its vacuum value.
The similar behavior has been reported in literature [62], where the effective field calculations
show the decrease of 30% in effective nucleon masses for the rise of density from ρB = 0 to
ρ0, at T = 0 MeV. This difference is due to model dependence of quark and baryon masses.
Further, at T = 0 MeV, the effective nucleon mass decreases to 41%, 36%, 33% and 31% of
its vacuum value at ρB = 2ρ0, 3ρ0, 4ρ0 and 5ρ0, respectively.
As compared to nucleons, the in-medium masses of strange baryons decrease less rapidly
as a function of density of medium, at given temperature. For example, at T = 0 MeV, for
rise of density from ρB = 0 to ρ0, there is decrease of 25%, 28% and 16% in the effective
masses of Σ, Λ and Ξ baryons, respectively.
One can also observe that, with the rise of temperature, at given value of density of
medium, the effective masses of baryons increase. For example, at ρB = ρ0, effective mass
of nucleons increase by 10% as the temperature rises from T = 0 to T = 100 MeV. Further,
at ρB = ρ0, the effective masses of Σ, Λ and Ξ baryons increase by 5%, 5.5% and 3%,
respectively, with the rise of temperature from T = 0 MeV to T = 100 MeV. One can see
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that the increase of effective masses of strange baryon masses with the rise of temperature,
at given finite value of density of medium, is slow as compared to increase in effective masses
of nucleons. The reason behind this behavior of effective masses of octet baryons is their
dependence on the constituent quark masses. The effective masses of ‘u’ and ‘d’ quarks
increase significantly, whereas effective mass of ‘s’ quark increases slowly, with the rise of
temperature, at finite value of density. This is why the increase in effective masses of strange
baryons slows with increase in strangeness content of the baryon.
Now we will discuss the medium modification of baryon magnetic moments of octet
baryons. In figure (3), we plot magnetic moment of octet baryons with density at tempera-
tures T = 0, 50, 100 and 150 MeV. In tables (II) and (III), we have given the observed values
of medium modified magnetic moments of octet baryons, at temperatures T = 0 MeV and
100 MeV, respectively. The values are calculated for densities ρB = 0, ρ0 and 4ρ0. Note
that in table (II) we have also given the experimentally observed vacuum values of magnetic
moment of octet baryons.
If we consider the effect of valence quarks only, the vacuum value of magnetic moment
of baryons as calculated in our model comes out to be larger than the experimental values.
For example, at ρB = 0 and T = 0 MeV, considering the valence quark effect only, the
magnetic moment of proton comes out to be 2.994µN , which is more than the experimental
value of magnetic moment of proton in vacuum, i.e., 2.79µN [54]. In order to get the more
realistic values of magnetic moments, we have included the contribution from the ‘Goldstone
Boson Exchange’ effect, also known as sea quark effect, whose contribution to the magnetic
moment of baryons is opposite to that of the valence quark contribution. Following Cheng
and Li mechanism [14], we have also considered the effect of the contribution of the orbital
angular momentum of sea quarks [54]. It is important to note that sea quark effect gives
opposite contribution to total magnetic moment of baryons as compared to valence quark
effect, whereas, the contribution from orbital angular momentum of sea quarks is of the
same sign as that from the valence quark effect.
The observed behavior of magnetic moment of baryons may be directly related to the spin
decomposition of nucleons and other baryons, which is one of the key problems in nucleon
structure physics [72–74]. The spin sum rule to calculate proton spin J can be expressed as
J =
1
2
Σ + Lq +∆g + Lg,
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where ‘Σ’ is the quark spin, ‘Lq’ is quark angular momentum, ‘∆g’ is the contribution from
gluon spin and ‘Lg’ is orbital angular momentum of gluon. Experimental observations by
European Muon Collaboration in deep inelastic scattering experiments have shown that
valence quarks in proton carry only about 30% of total spin of proton [75]. The remaining
spin may come from angular momentum part of quark spin, gluon spin part and orbital
angular momentum of gluon in the total spin of proton. The quark spin (Σ) may further split
into the contribution from valence and sea quarks as Σ = ΣV +ΣS. Gluon spin and orbital
angular momentum of gluon parts are very small as indicated by different experimental
studies [76, 77], and can be neglected at present. In the present model, the splitting of
quark into quark and GB leads to the flip of quark spin which means that the quarks
produced through this process which constitute ‘quark sea’ are eventually polarized in the
opposite direction to that of the valence quarks. The contribution from orbital angular
momentum part is however of the same sign as that of the valence quarks. Further, in case
of proton due to flavor asymmetry, the effect of polarization of two ‘u’ quarks is more than
the effect of polarization of one ‘d’ quark. This leads to the fact that in case of proton
total contribution from sea quark polarization is more than the opposite contribution from
orbital angular momentum part. This behavior for the spin sum rule has been reported in
literature [78–81], and the magnetic moments calculated in the present work also follows the
same behavior.
On comparing the values in tables (II) and (III), we find that at ρB = 0, the magnetic
moments of baryons are almost same at T = 0 MeV and T = 100 MeV. This means that at
zero baryonic density there is negligible effect of rise of temperature on effective magnetic
moments of baryons. However, at finite densities, there is a noticeable change in the values
of magnetic moments of baryons specially in case of nucleons.
We find that with the rise of density of medium at T = 0 MeV as well as 100 MeV, the
magnitude of sea quark polarizations decrease. For example, at T = 0 MeV, the magnitude
of ∆usea in case of proton as given in equation (48) is found to be 0.165, 0.134 and 0.129 at
ρB = 0, ρ0 and 4ρ0, respectively. This is due to medium modification of symmetry breaking
parameters ε and ̟ along with parameter τ . However, if we do not consider medium
modification of these parameters, the value of ∆usea remains equal to its vacuum value at all
the densities. However, with the rise of density of medium at same temperature, the total
effective magnetic moments vary significantly because of medium modification of sea quark
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polarization. For example, at T = 0 MeV and ρB = ρ0, µp = 3.418µN and µΞ0 = −1.726µN
with medium modified sea quark polarization, whereas, with constant value(vacuum value)
of sea quark polarization at all densities, these values comes out to be 3.450 and −1.902µN ,
respectively. If we consider the effect of rise of temperature on ∆usea, we find that for given
finite value of density of medium ∆usea is negligibly affected by the rise of temperature. For
example, at T = 100 MeV, magnitude of ∆usea are 0.165, 0.137 and 0.128 at ρB = 0, ρ0
and 4ρ0, respectively. Further, one can see that both at T = 0 MeV and 100 MeV, the
contribution of orbital angular momentum of sea quarks decreases with the rise of density.
Data [85] ρB = 0 ρB = ρ0 ρB = 4ρ0
µtotal µval µsea µorbital µtotal µval µsea µorbital µtotal µval µsea µorbital µtotal
µ∗p(µN ) 2.792 2.994 −0.724 0.450 2.72 4.232 −0.985 0.172 3.418 5.008 −1.129 0.013 3.892
µ∗n(µN ) −1.913 −1.996 0.414 −0.422 −2.004 −2.821 0.583 −0.166 −2.401 −3.338 0.656 0.001 −2.681
µ∗Σ+(µN ) 2.458 3.002 −0.776 0.381 2.607 3.758 −0.914 0.146 2.991 4.190 −0.980 0.015 3.225
µ∗Σ−(µN ) −1.160 −1.001 0.137 −0.316 −1.18 −1.253 0.201 −0.122 −1.174 −1.397 0.215 0.005 −1.177
µ∗Σ0(µN ) −1.610 −1.386 −0.078 −0.256 −1.721 −1.909 −0.029 −0.096 −2.035 −2.312 −0.016 −0.003 −2.331
µ∗Ξ0(µN ) −1.250 −2.000 0.614 −0.055 −1.441 −2.323 0.623 −0.025 −1.726 −2.498 0.621 −0.006 −1.883
µ∗Ξ−(µN ) −0.650 −1.000 0.386 −0.055 −0.669 −1.162 0.365 −0.025 −0.822 −1.249 0.354 −0.006 −0.902
µ∗Λ(µN ) −0.613 −0.664 0.336 −0.042 −0.705 −0.952 0.362 −0.019 −0.935 −1.070 0.370 −0.004 −1.074
TABLE II: Effective magnetic moments of octet baryons at T = 0 MeV and ρB = 0, ρ0 and 4ρ0.
We also see that with the increase of strangeness content the increase in magnitude of
effective magnetic moment of baryon is less. This is because m∗s varies very slowly with
density at given temperature. Further, at given finite temperature, the effective magnetic
moments are not much sensitive to quark mass variation for higher densities. Our calcula-
tions show that at temperature T = 0 MeV, for the rise of density of nuclear medium from
ρB = 0 to ρ0, effective magnetic moment of proton increases by 26%. However, for further
increase in density of medium, at the same temperature, the rise of magnetic moment of
proton becomes slow. For example, at T = 0 MeV, for rise of density from 2ρ0 to 6ρ0 the
effective magnetic moment rise by 20%. A cloudy bag model prediction shows enhancement
of magnetic moment with the rise of nuclear matter density from ρB = 0 to ρ0 in the range
of 2− 20% [48]. Further, the models like constituent quark model, QMC model pion cloud,
skyrme model, chiral quark soliton model and NJL model predict enhancement upto 10%
. In our calculations this enhancement is 26%, which is quite large as compared to the
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previous predictions. This is due to model dependence of in effective baryon masses and
hence magnetic moments.
Further, in table (II), we see that at T = 0 MeV, for rise of density from ρB = 0 to
nuclear saturation density, the magnitude of effective magnetic moments increases by 15%,
0.5% and 25% in case of Σ+, Σ− and Σ0 baryons respectively. The very small change in
effective magnetic moment of Σ− is due to comparable contributions from sea quark effect
and orbital angular momentum of sea quarks, whereas in in case of other baryons these
contributions do not completely cancel out each other. In case of Ξ0, Ξ− baryons, this
increase in magnitude of magnetic moments is 20% and 23%, respectively. In particular
for Λ baryon the magnitude of effective magnetic moment increases by 32%. This behavior
is completely different from that in case of QMC calculations, where the magnitude of µ∗Λ
decreases by 0.7%. However, in case of modified QMC calculations the magnitude increases
by 10% [48]. The possible reason for this can be model dependence of effective quark masses.
In the present work, the modification of magnetic moments of baryons depend on medium
modification of constituent quark masses, whereas in Ref. [48], the modification of magnetic
moments were derived from modification of bag radius.
ρB = 0 ρB = ρ0 ρB = 4ρ0
µval µsea µorbital µtotal µval µsea µorbital µtotal µval µsea µorbital µtotal
µ∗p(µN ) 3.001 −0.727 0.449 2.723 4.053 −0.948 0.212 3.316 4.873 −1.090 0.037 3.820
µ∗n(µN ) −2.001 0.416 −0.421 −2.005 −2.702 0.560 −0.201 −2.343 −3.248 0.631 −0.026 −2.643
µ∗Σ+(µN ) 3.007 −0.778 0.380 2.609 3.651 −0.894 0.180 2.937 4.098 −0.950 0.035 3.183
µ∗Σ−(µN ) −1.002 0.138 −0.316 −1.18 −1.217 0.193 −0.150 −1.174 −1.366 0.207 −0.015 −1.174
µ∗Σ0(µN ) −1.389 −0.080 −0.255 −1.724 −1.826 −0.033 −0.119 −1.979 −2.228 0.001 −0.018 −2.244
µ∗Ξ0(µN ) −2.004 0.625 −0.055 −1.442 −2.278 0.620 −0.029 −1.688 −2.446 0.596 −0.009 −1.858
µ∗Ξ−(µN ) −1.002 0.388 −0.055 −1.228 −1.139 0.366 −0.029 −1.546 −1.223 0.337 −0.009 −1.771
µ∗Λ(µN ) −1.002 0.338 −0.042 −0.706 −1.238 0.357 −0.022 −0.903 −1.405 0.352 −0.007 −1.059
TABLE III: Effective magnetic moments of octet baryons at T = 100 MeV and ρB = 0, ρ0 and 4ρ0.
To understand more explicitly the effect of temperature of the medium on magnetic
moments of octet baryons, in fig. (4), we plot the effective magnetic moments of baryons as
a function of temperature, at ρB = 0, ρ0 and 4ρ0.
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We note that at given density of medium, with the rise of temperature, the magnetic
moments of baryons increase slightly. For example, at ρB = 0, effective values of magnetic
moment of proton are observed to be 2.720µN , 2.722µN , 2.723µN , 2.760µN at temperatures,
T = 0, 50, 100 and 150 MeV, respectively. Hence, the variation in effective magnetic moment
of baryons as a function of temperature is negligible at zero density upto critical temperature.
These results are in good agreement with those obtained in Ref. [60, 61], where magnetic
moment of nucleons were calculated using quark sigma model. However, as the temperature
reaches its critical value there is steep increase in magnitude of effective magnetic moments.
This can be attributed the second order phase transition above critical temperature.
At finite density, the change in effective value of magnetic moment of baryons is almost
negligible as a function of temperature as compared to that at zero density. These results can
be explained as follows. From equations (46) and (49), we find that the effective magnetic
moment of baryons are inversely proportional to the medium modified values of constituent
quark masses. At ρB = 0, the effective quark mass remains almost same with the rise of
temperature upto certain value of temperature, because the thermal distribution functions
alone effect the self energies of constituent quarks and hence decreasing the effective quark
masses (increasing the effective magnetic moment of baryons). However, with the rise of
density, another contribution starts coming from higher momentum states due to which the
effective magnetic moments start decreasing (as the effective masses of quarks increase) [70].
Further, for still high densities, i.e., 4ρ0 or more, the variation of effective magnetic moment
of baryons become insensitive to the variation in effective mass of constituent quarks. This
can be due to second order phase transition at higher densities and temperatures. This
observation is further justified by those expected in Ref. [65], where medium modified
baryonic magnetic moments using modified quark meson coupling model were calculated.
IV. SUMMARY
We have studied the magnetic moment of baryons at finite density and temperature of
symmetric nuclear matter by using chiral SU(3) quark mean field approach. The explicit
contributions from valence quarks, sea quarks and orbital angular momentum of sea quarks
have also been considered to give better insight into medium modification of magnetic mo-
ments. The consideration of valence quark effect only, gives magnetic moments more than
26
the experimental data for vacuum values. The sea quark effect gives opposite contribution
to the total effective magnetic moments, as compared to that by valence quarks. However,
considering the sea quark effect alone decreases the vacuum values lower than those in exper-
imental data [54]. Hence, in order to get more realistic vacuum values we have considered
the contribution from orbital angular momentum of sea quarks, which gives considerable
opposite contribution to magnetic moments as compared to that from sea quarks especially
at lower densities and small contribution at higher densities.
Magnetic moment of nucleons are found to vary largely as a function of density at low
temperatures, however, at higher temperature this variation of magnetic moment becomes
slow. The magnetic moments of strange baryons are found to vary slowly with density as
well as temperature as compared to those of non-strange baryons. The reason behind this
behavior of magnetic moments is their dependence on medium modified values of strange
quark mass, which vary very slowly because of small coupling with the scalar meson field.
Further, the variation of effective magnetic moments of baryons as a function of temperature
is negligible for nuclear matter density higher than 4ρ0. This indicates second order phase
transition at higher densities [69].
It is found in Ref. [83] that the pion loop correction shows only a minute contribu-
tion to anomalous magnetic moments of baryons. However, we have derived the medium
modification of sea quark polarization through medium modification of symmetry breaking
parameters ε and ̟. The results can be further improved by including contribution from
effects from relativistic and exchange currents [57], pion cloud contributions [63] and the
effects of confinement [59] etc., which can contribute effectively in obtaining the correct
vacuum values of magnetic moments of octet baryons, and, for further analysis of magnetic
moments in the presence of medium.
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